To better describe the community structure of sulfate-reducing bacteria in environmental systems, we compared several dissimilatory sulfite reductase (dsr) primer sets for terminal restriction fragment length polymorphism application. A new reverse primer that increased allelic diversity estimates up to 5-fold was applied to hydrocarbon seep samples to examine the relationship between guild activity and diversity.
A major scientific challenge in ecology is to link community function with community structure. For the sulfate-reducing microorganisms (SRM) that make up a large polyphyletic guild, with species belonging to at least five bacterial phyla and two archaeal phyla (14) , community diversity of SRM is often assessed by using the dissimilatory (bi)sulfite reductase (dSir [EC 1.8.99.3]) subunits encoded by dsrA and dsrB gene sequences as functional markers (1, 5, 11) . While these genes exhibit high conservation, considerable polymorphisms exist at the traditionally targeted primer sites (18, 20) . While a number of molecular methods have recently been employed to address the functional gene content of communities, such as functional gene arrays (19) or metatranscriptome sequencing (for example, reference 16) , there is still a need for relatively inexpensive and high-throughput methods, like community fingerprinting.
Numerous dsrAB-based studies of community structure have employed primers DSR1F and DSR4R (17) as the sole PCR primer set to sample SRM diversity via clone library analysis (see, for example, references 1, 2, and 10). More recently, mixes of five or six degenerate forward and reverse primers have been used to explore dsrAB diversity in environmental samples, thus enabling the discovery of new phylotypes (4, 9, 18) . These forward and reverse mix primer sets have amplified no archaeal sequences in studies in which they were employed, despite their capacity to do so at least in silico (4, 9) , suggesting that sulfate-reducing archaea may be rare in cold and temperate environmental systems. Here, we focused on sulfate-reducing bacteria (SRB) and improved their target primer set for high-throughput molecular screening of sediments and soils by the community fingerprinting method terminal restriction fragment length polymorphism (T-RFLP) analysis (6) . This will facilitate studies of the spatial and temporal distribution of SRB in various environmental samples, such as natural or accidental hydrocarbon-impacted sediments.
We designed a novel reverse primer (DSR1334R) taking into account the technical requirements of T-RFLP, including a high primer specificity for this PCR-based method. dsr-based clone libraries were generated using various primer sets under similar conditions as used for dsrA-based T-RFLP. The improved dsrA-based fingerprinting strategy was then applied to sediment samples from an active natural hydrocarbon seep (8) to investigate the link between community function and diversity.
Primer design and comparison. The Probe Match tool in ARB software program (7) and plotcom of the EMBOSS package (13) were employed to identify highly conserved regions for the bacterial dsrAB sequences (20) . Candidate primers ( Fig. 1 and Table 1 ) were further tested for appropriate thermodynamic stability, GC content, melting temperature, and length with the Primer3Plus algorithm (15) .
dsr-based T-RFLP. Environmental genomic DNA from hydrocarbon-rich, sulfidic sediments of a Gulf of Mexico cold seep (see the supplemental material) was extracted and used in triplicate 35-l PCRs prepared with GoTaq DNA polymerase reagents in accordance with the manufacturer's instructions. While primer set PS1 (named PS1 for primer set 1) was used to amplify the 1.9-kb dsrAB target region, PS2 and PS3 amplified a nearly 930-bp dsrA amplicon. PS4 was not used for T-RFLP given the nonspecific amplification observed during the clone library protocol (see supplemental material).
To avoid nonspecific priming, reaction mixtures were prepared on ice and were transferred directly onto a preheated (94°C) thermocycler block. PCR amplification was performed as follows: (i) 3 min at 94°C; (ii) 30 cycles, with 1 cycle consisting of 40 s at 94°C, 40 s at 54°C, and 2 min at 72°C; and (iii) a final elongation step of 8 min at 72°C. A common annealing temperature (54°C) was selected for all PCR amplifications based on gradient PCR analyses (data not shown); the aim was to allow the amplification of as many variant dsrA targets as possible but also to keep the PCR specificity high enough. Bands corresponding to the predicted dsr amplicon size were then excised and purified (QIAquick PCR purification kit; Qiagen, Hilden, Germany).
Approximately 100 ng of each elutant was digested using 5 units of NdeII and recommended reagents (Promega, Mannheim, Germany) for 2 h at 37°C, followed by 15 min of heat deactivation at 65°C. After purification, restriction products were prepared for capillary electrophoresis as described elsewhere (12) . Fragment sorting and binning were done with a window size of 2 bp and shift size of 0.1 bp as described previously (12) .
Primer design and in silico assessment. A novel reverse primer, DSR1334R ( Fig. 1 and Table 1 ), targeting the 3Ј end of the dsrA gene was designed based on alignments of nearly 100 cultured archaeal and bacterial sulfate reducers in a dsrAB gene ARB database (20) . Selection of primer DSR1334R was guided by the fact that (i) short amplicons (950 bp with primer sets PS2 and PS3 versus 1,900 bp with primer sets PS1 and PS4) are generally favored under PCR conditions, given that divergent and lower abundant taxa can be more readily detected with smaller amplicon target size (3), and (ii) subsequently digested amplicons by the NdeII 4-mer restriction enzyme would most likely cut before 900 bp, according to in silico tests (11; our unpublished data). A description of the coverage of primer DSR1334R, along with its amplification efficiency in comparison to other primers, is included in the supplemental material (see Fig. S1 in the supplemental material) . Furthermore, clone libraries produced with PS2, PS3, and PS4 on sample A3 revealed that dsr-possessing bacteria dominate the sample libraries (Fig. 2 ) (see supplemental material for protocol).
Evaluation of dsr primers for T-RFLP applications on environmental samples. When primer DSR1334R was compared against, and used in combination with, previously published dsrAB primers, the total numbers of terminal restriction fragments (TRFs) differed substantially as a function of the primer sets used, with primer set PS3-based T-RFLP consistently identifying two to four times more TRFs than PS2 and PS1, respectively (Fig. 3) . Noticeably, the greatest difference in TRF number between primer sets was observed at low sulfate reduction (SR) rates, when 47 and 9 TRFs were observed for PS3 and PS1, respectively.
Interestingly, when the number of dsrA TRFs detected with the high-resolution primer set PS3 was plotted against the range of sulfate reduction rates sampled at the hydrocarbon seep, a negative relationship was observed in the low to high range (50 to 200 nmol ml Ϫ1 day Ϫ1 ) of SR (Fig. 3 ). This could be explained by an ecological selection for particular ecotypes of dsrA in subsurface hot spots of the hydrocarbon seep associated with higher activity, a hypothesis that would need to be tested in future studies. Such a relationship was not observed with PS2 or PS1 and the sulfate reduction rate (SRR), most likely due to the limited subsampling of SRB guild diversity. Overall, primer DSR1334R, in combination with primer DSR1Fmix (i.e., PS3), provides reliable dsr-based T-RFLP profiles and yields significantly higher TRF number estimates will facilitate the high-throughput study of their spatial and temporal dynamics in the environment.
FIG . 3 . Number of TRFs and the corresponding sulfate reduction rates. Three different primer sets were applied to sediment samples from the Chapopote hydrocarbon seep, and the number of binned TRFs of each sample was plotted along an axis of sulfate reduction activity. The sulfate reduction rate (SRR) is shown in nanomoles milliliter Ϫ1 day
Ϫ1
. Values represent the means Ϯ standard errors of the means (error bars) (three replicates per point).
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